Abstract
Introduction
Connexins are transmembrane proteins that assemble to form gap junctions between neighbouring cells. There are two types of connexins: α (GJA) and β (GJB) variably distributed in tissues. Sensorineural deafness occurs in 1/350-1/1000 newborns and 70% of these cases are genetic (1) . It was two decades ago that connexins were found to be involved in genetic deafness, when locus DFNB1 has been identified on 13q11 chromosome. Most of the nonsyndromic inherited deafness (60-80% of cases) is associated with mutation of the genes encoding connexins 26, 30, 31, 32, 43 . Most frequent (40-60%) are the mutations located in the DFNB1 locus, more specifically GJB2 gene (13q11-q12) encoding connexin 26, and GJB6 gene (13q12) encoding connexin 30 .
A large number of mutations have been identified on gene GJB2 and most of them (85%) have been passed down through in an autosomal recessive manner. The frequency of these mutations is dissimilar depending on the population groups subjected to research. Most frequent are: c.35delG in Caucasians, c.235 delC in Asians, p.W24X in Asians and Central Europe Caucasians.
Different mutations on gene GJB6 were reported of which deletions (GJB6-D13S1830 and GJB6-D13S1854) -were detected with a high frequency in Hispanic people. Mutations GJB2 and GJB6 may cause deafness both in homozygous and in compound heterozygous forms (two different mutations on the two alleles). Mutations of genes located in locus DNFB 1 affect communication between cells at the level of the inner ear and disturb the transformation of the mechanical signal into electrical signal. The phenotype determined by these mutations is a severe or profound bilateral and symmetrical hypoacusis.
Romania has a demographic hallmark, beeing the only Latin country from the Eastern and Central Europe. This feature may affect the occurrence of genetic mutations that are specific to certain populations. In extension to our previous study (2) , the current research aims to determine the prevalence of two mutations of genes GJB2 -c.35delG and p.W24X-and two mutations of genes GJB6 -del(GJB6-D13S1830), del (GJB6-D13S1854) respectively -in patients with congenital nonsyndromic sensorineural hearing loss (CNSHL).
Material and method
The sample group included 179 children (68 boys and 111 girls) with congenital NSHL admitted in the Emergency Clinical Hospital for Children from February 2008 to December 2014. This group included the 75 children with hearing impairment presented in our previous research (2) . The children were aged between 6 months and 18 years old, and were divided in the following groups: 6 months-1 year (4 patients), 1 to 3 years (8 patients), 3 to 7 years (21 patients) and 7 to 18 years (146 patients). Following the same protocol as in our previous research (2) the inclusion criteria were: a. congenital nonsyndromic sensorineural deafness diagnosis; b. absence of potential sibling relationships between patients included in the trial (anamnestic family tree for at least three generations). In the same manner were excluded from the study: a. secondary hearing loss cases (meningo-encephalitis, mastoiditis, posterior fossa tumors); b. patients with congenital syndromic hearing loss; c. cases with previous ototoxic treatments. The Ethics Board of the University of Medicine and Pharmacy "Iuliu Hațieganu" Cluj-Napoca approved the study protocol (document no. 91/2006). For all patients undergoing audiological and genetic evaluation, the written consent was obtained according to the World Medical Association Declaration of Helsinki, revised in 2000 (Edinburgh).
In the first three steps the working method was identical to our previous study (2) Genotyping. DNA was extracted from peripheral blood leukocytes using a commercially available kit (Wizard Genomic DNA Purification Kit, Promega, Madison, USA). For the detection of GJB2 c.35delG mutation a semi-nested PCR-RFLP method was used (3). Using the primers 167F and 452R a fragment of 285bp was obtained in the first PCR reaction. In the second PCR reaction, with the primers 167F and 35DG, an 87 bp fragment was amplified by using 1µl of the amplicons solution obtained in the first round of amplification. 10µl of the PCR product of the second round of amplification was digested with the restriction enzyme EcoNI (ThermoFisherScientific, MA, USA). The wildtype allele fragment remains uncut, whereas the 35delG mutation creates a restriction site for EcoNI. A PCR-RFLP based method (4) was used also for p.W24X mutation detection. The results obtained by RFLP methods were validated with an ARMS-PCR method described by Scott et al (5) . GJB6 gene was screened for del(GJB6-D13S1830) and del(GJB6-D13S1854) by amplification in a single multiplex PCR assay of the breakpoint junction of each deletion and a segment containing GJB6 exon 1, which is used as an amplification control as described by delCastillo et al. (6) . The PCR amplifications were carried out with Biometra PCR machine and a GeneAmpPCR System 9700 (Applied Biosystems®, Life Technologies, USA). For the PCR products migration in 2.5 % Metaphor agarose gel electrophoresis (Cambrex Bio Science Rockland, Inc.), staining with ethidium bromide and visualisation with UV light transilluminator (Vilber-Lourmat, Marne-laVallée, France) were identical as in our previous research (2) .
Depending on the threshold mean in air conduction in the 500Hz, 1000Hz, 2000Hz and 4000Hz frequencies, hearing loss has been classified into: profound (91-120dB), severe (71-90dB), moderate (41-70dB) and mild (21-40dB) hearing loss. For statistical calculations of sample lot size we used Epi. 
Results
By excluding any associate changes, the clinical examination and paraclinical (laboratory and imaging) results allowed -in all 179 patients included in the current study-the diagnosis of nonsyndromic sensorineural deafness.
At the ENT examination all 179 patients presented normal tympanic membrane. For all patients included in the study the audiological examination revealed normal (type A) tympanogram and bilateral absence of acoustic otoemission signals. 
Discussions
DFNB1 locus situated on the 13q11-q12 chromosome includes genes GJB2 and GJB6 which encode connexins 26 and 30, respectively. These proteins are mutually conditioned both in terms of localization and expression. Inside the cochlea, the two connexins form heterometric "gap" junctions that unmistakably contribute to the upkeeping of cochlear homeostasis. The mutations of the two genes (as homozygote or compound heterozygote) affect the activities of the "gap" junctions and thus prevent the transformation of the mechanical signal into electrical signal. Deafness thus installed is bilateral and symmetrical, most often profound or severe. The four mutations known at the level of gene GJB6 responsible for the occurrence of nonsyndromic sensorineural deafness are recessive deletions. In most cases of deafness, GJB 6 recessive mutations occur in association with mutations of GJB2, which is justified by (7). Each of the two deletions determines the formation of an unfunctional 26 connexin and sensorineural hearing loss.
As we have mentioned 6 years ago in our previous study (2) , in Romania there is no national medical track for congenital nonsyndromic deafness. For this reason, the exact number of CNSHL patients is not known. The 179 patients in our trial were born between 1994 and 2014. During this period, the number of live newborns in Romania is estimated -according to national reference data at 4.7 million. The frequency of occurrence in specialized literature (1) for sensorineural deafness, genetic sensorineural deafness and congenital nonsyndromic sensorineural hearing loss (CNSHL) is: 1/500, 1/700 and 1/1000 live newborns, respectively. In correlation with the number of live newborns, one can estimate that at present, in Romania the number of CNSHL patients aged 0 to 18 is approximately 4,700. Using the same statistical methods presented in our previous study (2) , maintaining the 95% probability score and the "confidence interval" of 22-44%, we established the estimated size of the statistic sample population at 336 cases. (Table 4) reflect a significant variability from one country to another, depending on ethnic particularities and sample size.
In the light of the results of our study, the frequency of occurrence for Romania is estimated at 27.3% for c.35delG and 3.7% for p.W24X (as compared to 33.3%, and 5.3 % respectively in our prior study-2). Data obtained is comparable to data obtained in the other countries located within our geographical region. Table 5 resumes the information published before our study in the Pubmed database referring to the frequency of occurrence of the two most frequent mutations of gene GJB6. According to the studies reporting gene GJB6 mutations, the genotypes of patients suffering from hearing loss were in compound heterozygous form.
In Romania, there are only two research studies which have explored the presence of GJB6 mutations, one with 45 patients with hearing loss and having a cochlear implant (38) and the other one with 350 pregnant women without hearing impairment (39) . None of the subjects within the two studies has been identified with del(GJB6-D13S1830) or del(GJB6-D13S1854) mutations. A third observation on two Romanian children with hearing impairment revealed one compound heterozygous for the c.35delG/c.71G>A mutations and the other was homozygous for the c.-23+1G>A mutation (40) . This second mutation was reported for the first time on a Romanian patient.
With regards to our sample group, we have genotyped the two deletions of GJB6 for all 179 patients; we have identified a female patient with genotype in heterozygous form c.35delG + del (  GJB6-D13S1830) . From what we know, this is the first finding of a case diagnosed in Romania Detection of the three mutations (two on GJB2 gene and one on GJB 6 gene) has allowed to establish the genetic cause for deafness in 45 patients, representing 25.14% of the trial cases. These patients were given a genetic counselling. In order to determine genetic causes, an analysis of other mutations shall be required in the case of the rest of the patients, by sequencing methods.
According to our data, our study is reporting the first case in Romania with a mutation of gene GJB6. It is also the largest sample of patients with congenital sensorineural deafness in proportion to the population of Romania. For an early tracking down of hearing loss and for an actual determination of the frequency of occurrence of the 4 mutations under analysis, the following are required: a genetic, audiological or combined screening in all maternity hospitals in Romania, the establishment of a national registry and the development of genetic centres where the above mentioned mutations could be determined.
A related cost and efficiency ratio shall determine the strategy to be implemented: a. A general audiological screening followed by genetic tests in cases of deafness; b. A universal genetic screening followed by the audiological examination of all patients suffering from mutations.
Also, any child whose hearing loss has no apparent cause must be genetically tested.
Conclusions
In our current study the determined prevalence for the three mutations was: 27.3 % for c.35delG, 3.6 % for p.W24X and 0.28% for del(GJB6-D13S1830).
Those data are comparable to data obtained by the other European countries.
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sensorineural hearing loss TOAE = Acoustic otoemission
